Introduction
The granules of Pseudaletia unipuncta granulosis virus Hawaiian strain (PuGV-H) contain a 126K protein which is responsible for increasing the susceptibility of fifth instar P. unipuncta larvae to infection by P. unipuncta nuclear polyhedrosis virus (Tanada, 1959; Hara et al., 1976; Yamamoto & Tanada, 1978 , 1980 Zhu et al., 1989) . This synergistic factor (SF) is released from the granules in the midgut lumen, where it has been localized to the midgut microvilli by both ferritinconjugated antibodies (Tanada et al., 1980 ) and a reported esterase activity (Tanada et al., 1983) . The apparent mode of action of SF is to increase nucleocapsid entry into midgut cells (Tanada et al., 1975) . Presumptive binding sites for the SF on midgut microvilli vesicles have been identified by Uchima et al. (1989) .
A viral enhancing factor (VEF) with an Mr of 101K which was localized within the granules of Trichoplusia ni granulosis virus (TnGV) was recently identified (Derksen & Granados, 1988; Granados & Corsaro, 1990) . VEF apparently caused the degradation of three high Mr peritrophic membrane (PM) structural glycoproteins; therefore, its predicted mode of action was the temporary structural disruption of the T. ni larval PM. Recently, the apparent differences in the activities of VEF and SF (PM disruption versus increased nucleocapsid entry) were examined using fourth instar bioassays in an attempt to characterize the mode of action of VEF (Gallo et al., 1991) . These studies concluded that VEF may have a dual mode of action: disruption of the PM and increased fusion of nucleocapsids with midgut cells. This indicates that VEF and SF may be closely related and that they could belong to a new family of baculovirus proteins which are important in viral pathogenesis. In this report, we describe the cloning, sequencing and Northern blot analysis of the VEF gene from TnGV. The presence of the VEF gene in a variety of other baculoviruses is also examined.
Methods
Viruses. Erinnyis ello GV (EeGV) was obtained from Tony Bellotti (Cali, Colombia) as purified occlusion bodies (OBs). PuGV-H and T. ni singly enveloped nuclear polyhedrosis virus (TnSNPV) were initially obtained from Harry Kaya (University of California at Davis) and Maurice Semel (Cornell University), respectively, and passaged in 7". ni larvae. The origin of the other baculoviruses used in this study has been reported previously (Smith & Summers, 1981) .
Polyctonat antibodies against VEF. Two polyclonal antisera were produced against the VEF protein. For the first antiserum, VEF was partially purified by gel filtration column chromatography. Briefly, TnGV granules (1.7 × 1012 OBs/ml) were dissolved in 0.05 M-NaCO3 for 20 min at room temperature. This mixture was loaded onto a 20~ sucrose cushion, centrifuged at 160000 g for 35 min, and then the OB supernatant was incubated at 28 °C for 5 h. A sample of the supernatant (6 ml) was loaded onto a 2.6 x 34 cm Sephacryl S-200 Superfine gel filtration column (Pharmacia), and eluted at a rate of 1-5 ml/min with 0.05 M-Tris HC1 pH 7.5, 0-5 M-NaC1. VEF-containing fractions were pooled and used as antigen.
A Flemish Giant/Chinchilla Cross rabbit was injected with 80 p.g of partially purified VEF emulsified in an equal volume of Freund's complete adjuvant on weeks 1, 2 and 4. The rabbit was rested for 5 weeks before repetition of the initial injection schedule with VEF emulsified in Freund's incomplete adjuvant. Exsanguination occurred 10 days after the final injection. The polyclonal antibody obtained was diluted 1:500 and used for screening the 2gtl 1 library.
The second antiserum was generated against a VEF-Escherichia coli TrpE fusion protein. The internal 1.94 kbp BamHI/ClaI fragment which encodes 75-1K of the VEF protein was cloned into the pATH 10 vector (Koerner et al., 1991) . The VEF fusion protein was expressed in E. coli DH5ct and the appropriate band was isolated from SDS-PAGE gels of the insoluble fraction according to Gombart et al. (1989) .
A female Flemish Giant/Chinchilla Cross rabbit was initially injected with 250 p.g of fusion protein in Freund's complete adjuvant. Two subsequent injections, each containing 250 gg of fusion protein in incomplete Freund's adjuvant, were administered 3 and 5 weeks later. The rabbits were exsanguinated 24 days after the final injection. The polyclonal antiserum was diluted 1 : 3000 and used for Western blots.
Cloning the VEFgene. TnGV genomic DNA was isolated from virus OBs (Smith & Summers, 1982) and sheared by sonication to an average size of approximately 1.5 kbp. This DNA was used to construct an expression library with the Protoclone 2gtll system (Promega) following the methods of Young et al. (1985) . The recombinant library was amplified by plate lysates (Maniatis et al., 1982) and stored at 4 °C in SM medium (0.1 M-NaCI, 50 mM-Tris-HC1 pH 7.5, 8.1 mM-MgSO4, 0-1% gelatin) plus 0.3 % chloroform.
The amplified expression library was screened using the polyclonal antibody generated against partially purified VEF folowing the procedures of Young et al. (1985) with the following exception. The secondary antibody was conjugated to alkaline phosphatase and positive plaques were visualized with nitro blue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate as described by Blake et al. (1984) .
Western blots. Samples for Western blots were separated by discontinuous polyacrylamide gel electrophoresis according to the methods of Laemmli (1970) . Electrophoresis was carried out on a Mini-PROTEAN II cell (Bio-Rad) at 200 V for 40 min in a 10% separating gel. The proteins were then electrophoretically transferred to nitrocellulose paper (Towbin et al., 1979) . Western blots were analysed using the anti-VEF TrpE polyclonal antibody. Bands were visualized using an alkaline phosphatase-conjugated secondary antibody (Blake et al., 1984) .
RNA isolation and hybridization. Viral RNA was isolated from infected larvae either 3 or 6 days post-infection (p.i.). Whole larvae were transferred into 20 ml of guanidinium solution (4 M-guanidinium isothiocyanate, 20 mM-sodium acetate pH 5.2, 0.1 mM-DTT) and ground with a tissue homogenizer. The homogenate was centrifuged for 10 min at 12000 g at 12 °C. Caesium chloride (1 g/ml) was added to the supernatant which was then layered on top of a 5-7 ~l-CsC1 solution. This was centrifuged overnight at 113000 g at 22 °C. The RNA pellet was resuspended overnight at 4 °C in 3 ml of TRB (5 mM-EDTA, 0.5% SDS, 5~ 2-mercaptoethanol). The RNAcontaining solution was extracted with phenol/chloroform/isoamyl alcohol, and the RNA was then precipitated with ethanol, pelleted by centrifugation and resuspended in water.
Total RNA (10 ~tg) was separated by electrophoresis and transferred to nitrocellulose membranes following the procedure of Dwyer & Granados (1988) . Northern blots were probed with the internal KpnI fragment from the VEF gene and washed under high stringency conditions (Dwyer & Granados, 1988) .
DNA sequencing. The EcoRI-K fragment of TnGV (91.9 to 96.1 map units) containing the entire VEF gene was cloned into pACYC 184 (Chang & Cohen, 1978) . SalI and HindlIl subclones to be used for sequencing were subcloned into the pBluescript vector (Stratagene). This was followed by Bal 31 deletions from both ends of the subcloned DNA (Maniatis et al., 1982) . The nucleotide sequence was determined using the dideoxynucleotide chain termination method of Sanger et al. (1977) as modified for use with the Sequenase sequencing kit (U.S. Biochemical). Sequencing data were compiled and analysed using the PCGENE (Intelligenetics) software package. Protein sequence homology comparisons were made to both the Swiss-Prot and NBRF protein sequence databases using the FASTA program from the GCG Sequence Analysis Program (Genetics Computer Group).
Southern hybridizations. Genomic DNAs from TnGV, PuGV-H, Heliothis arraigera GV (HaGV), EeGV, TnSNPV and Autographa californica multiply enveloped NPV (AcMNPV) were isolated from OBs following the procedure of Smith & Summers (1982) . Genomic DNA (10 p.g) was digested to completion with HindlII under conditions recommended by the supplier (Promega). Digested DNA was electrophoresed in a 0.75% agarose gel for 17 h at 70 V and unidirectionally transferred to a nitrocellulose membrane following the procedure of Smith & Summers (1980) .
The Southern blot was probed with the 1-5 kbp internal KpnI fragment of the VEF gene which had been radioactively labelled by nick translation as outlined by Maniatis et al. (1982) . Hybridization was carried out in either 50% formamide for 12 h and washed under high stringency conditions, or 30% formamide for 12 h and washed under low stringency conditions (Maniatis et al., 1982) .
Results
An anti-VEF polyclonal antiserum, which was generated using partially purified VEF, reacted with both the 101K VEF protein and the 29K granulin protein in Western blots of virus OBs dissolved in alkali and then separated by SDS-PAGE (data not shown). Using this antiserum 
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TTATATAG~ATAATTTGCTAGGAATGTCTGTTGGTTTGTGATGTTTAGGTGTT~GCTGCATTAATT~AA~ACTATGTCGTAcAAAGTGATTGTACCCG~TA~CGTGCTAC~GCCGTGGC +46 Fig. 1 a) . A detailed map of TnGV HindlIl-M was generated using several restriction enzymes (Fig. l b) . predicted Mr of 104.3K (Fig. 2) . The predicted protein contains 12 candidate sites for N-linked glycosylation (Asn/X/Ser or Thr), but no potential lipophilic modification sites (Lys/X/X/Cys/X/X/Asn). There is a consensus baculovirus late promoter sequence (ATAAG) four nucleotides upstream of the VEF ORF. In addition, three perfect repeats of the sequence TTACAAGA are located within the region between 149 and 192 nucleotides upstream of the translation start site. These repeats are similar to the baculovirus consensus sequence for hyperexpression described by Rohrman (1986). However, in all three sequences, there is a mismatch at the invariable T of the ATAAG core late promoter motif. Changes at this position have been shown to eliminate transcription initiation (Possee & Howard, 1987; Rankin et al., 1988; Ooi et al., 1989) . A comparison of the deduced amino acid sequence of the VEF with both the NBRF and Swiss-Prot protein databases did not reveal any similarity to known proteins. However, when the amino acid compositions of the VEF (established from sequence data) and the SF of PuGV-H (determined by amino acid analysis of purified SF) (Hara et al., 1976) were compared, significant similarity was identified (Table 1) . The difference in amino acid composition was not more than 1.9~.
The occurrence of the late core promoter sequence at the -4 nucleotide position indicated that VEF should be Location and sequence of the TnG V VEF gene 2649 expressed late in infection. This was demonstrated by isolating RNA from infected larvae 3 days and 6 days p.i. Using a restriction fragment from within the VEF ORF as a probe, there was strong hybridization to two RNA species (2.7 and 3.3 kb) 6 days p.i. but not 3 days p.i. (Fig. 3) . A polyclonal antiserum generated against the VEFTrpE fusion protein was monospecific for the 101K VEF protein seen in SDS-PAGE gels of alkali-dissolved OBs (data not shown). This antiserum was used to test for the presence of VEF-related proteins in five additional baculoviruses (Fig. 4) . Western blots of alkali-dissolved OBs demonstrated cross-reactive proteins in PuGV-H (the 106K SF), and HaGV (110K), but no cross-reacting proteins were found in either EeGV, TnSNPV or AcMNPV. Southern analysis of HindIII genomic digests under both high (Fig. 5 ) and low (data not shown) stringency conditions gave results identical to those of the Western blots.
Discussion
The initial studies with the viral enhancing factor of TnGV have shown that it is a biologically active protein of approximately 101K which can enhance AcMNPV infection in both neonate and fourth instar T. ni larvae (Derksen & Granados, 1988; Gallo et al., 1991) . It is apparently resistant to both degradation by midgut alkaline proteases and u.v. inactivation (A. C. G. Derksen & R. R. Granados, unpublished data) . To study the protein further, we have cloned and sequenced the VEF gene from TnGV. The resulting gene encodes a protein of 104K which agrees with the predicted VEF size of 101K from SDS-PAGE analysis. A comparison of the amino acid compositions of both VEF and the SF of PuGV-H has shown the two proteins to be similar.
The detection of homologous DNA fragments and proteins in TnGV, PuGV-H and HaGV indicates that the VEF protein may be a representative of a family of important baculovirus proteins which assist in the initiaI infection of the larvae. It is not known whether homologues of the VEF protein are present in all baculoviruses, but it is known that AcMNPV possesses a factor which specifically degrades a 68K glycoprotein in the PM of T. ni larvae and enhances baculovirus infections (Derksen & Granados, 1988) . Although the identity of this factor is unknown, it does not appear to be related to VEF at either the protein or DNA level (Fig. 4 and 5 ).
HaGV appears unique in that two high Mr proteins were found in granulin extracts, and a mixture of both proteins was found to enhance AcMNPV infections in fourth instar T. ni larvae (R. R. Granados, unpublished data). Western blots indicate that the larger, l l0K protein is probably the enhancing protein. Our results also indicate that the actual Mr of SF isolated from PuGV-H is probably 106K instead of the 160K or 126K previously reported by Hara et al. (1976) and Yamamoto & Tanada (1978) .
Because of the function and stability of the baculovirus enhancing proteins, they may be useful components in baculovirus biopesticides. The ability of VEF to enhance a large number of viruses and decrease the survival time of infected insects represents a major improvement which may make baculovirus biopesticides commercially competitive (Granados & Corsaro, 1990) . In addition, VEF could be engineered to be expressed in transgenic plants. As insects feed on these plants, they would ingest a constant dose of VEF. Although the exact effect of this on the insect is undetermined, it can be hypothesized that prolonged disruption of the PM may allow opportunistic microbes to infect and kill the insects. Also, VEF may increase the efficiency of other biopesticides (e.g. Bacillus thuringiensis 6 endotoxin) by removing a major mechanical barrier, i.e. the PM (Yunovitz et al., 1986) . The full potential of VEF and VEF-like proteins will not be completely understood until several of these genes have been sequenced and analysed and the exact mode of action of the proteins has been elucidated. 
